The aim of the research was to compare the results of texture analyses of glaciolimnic sediments deposited in the basins of ice-dammed lakes origin in north eastern Poland. The study was carried out using aerometric method, pipette method and laser diffraction method. The studied soils were classified as Haplic and Mollic Vertisol, Vertic Cambisol, and Gleyic Chernozem. The soils were formed from clayey (clay, heavy clay), loamy (loam, clay loam, sand clay loam) and silty (silt loam, clay loam) deposits. The studied soils did not contain fractions > 2.0 mm. The amounts of clay fraction (< 0.002 mm) measured by areometric and pipette methods were similar and strongly correlated. In comparison to laser diffraction method, these amounts were 3-4-fold higher. The sub-fraction of fine silt (0.02-0.002 mm) predominated in soil formations analyzed by laser diffraction method. In comparison to areometric or pipette method, the amounts of fine silt were 2-4 fold higher. Basing on the calculated sedimentological indices, it was stated that the examined soils were well sorted and the mean grain diameter (GSS) was very low and did not exceed 0.005 mm in areometric and pipette methods, and 0.011 mm in laser diffraction method for clay sediments.
INTRODUCTION
Soil texture influences most soil chemical and water-physical properties as well as their quality usage. The existing regional, national and international classification systems of soil texture have various terminology and size limits of granulometric fractions (Drzyma³a and Mocek 2004; Kaba³a and Marzec 2007; IUSS Working Group WRB 2007; Prusinkiewicz et al. 1994; Prusinkiewicz 2003; Soil Survey Staff 1999) . In the latest soil texture classification adopted by the Polish Society Soil Science in 2008 (PTG, 2009) , which is similar to USDA classification, new particle size limits and terminology were established.
The soils formed from heavy glaciolimnic sediments abundant in clay fraction (<0.002 mm) show a distinction as compared to other Polish soils. These soils are abundant in macro-and microelements, have high sorptive cation capacity and high water retention ability, and they either increase their volume (swelling) or decrease it (shrinkage) depending on their moisture content (Uggla and Witek 1956) . The measurements of soil particle size distribution by for example areometric and laser diffraction methods carried out in Poland, gave various results for the same soil material (Ry¿ak et al. 2004) .
The aim of this paper is to present the results of particle size distribution of fine-grained glaciolimnic sediments depositedin shallow basins of ice-dammed lakes origin in north-eastern Poland analyzed by areometric, pipette and laser diffraction methods.
MATERIALS AND METHODS
The research was carried out at glaciolimnic areas in Sêpopol Lowland and northern outskirts of Mazurian Lakeland in NE Poland. As a result of ice deglaciation, local shallow water basins were formed and fine-grained material was deposited in them. Some geomorphologists call it a formation of ice-dammed lakes origin and the other call it glaciolimnic sediment (Kondracki 1972; Körnke 1930; Mojski 2005; Roszko 1968 ). At five glaciolimnic basins located in the vicinity of Kêtrzyn, Lidzbark Warmiñski, Reszel and Sêpopol, which are different in terms of hipsometry, usage and relief, drillings and soil pits were made.The study of mineralogical composition showed that swelling smectite minerals, illites with the addition of mixed layer illite/smectite (I/S) minerals, chlorite minerals MIROS£AW ORZECHOWSKI 1* , S£AWOMIR SMÓLCZYÑSKI 1 , JACEK D£UGOSZ 2 , PAWE£ POZNIAK 1 Measurements of texture of soils formed from glaciolimnic sediments and small amounts of vermiculite predominate in clay fraction (D³ugosz et al. 2009 ). In changing water conditions, the alternating processes of swelling and shrinkage (vertilization) played an important role in the origin and properties of these soils (Uggla and Witek 1956) . Twenty soil samples were taken for the measurements of particle size distribution using three methods, after removal of coagulating components. The soil samples were pretreated in accordance with the valid standards (PN-ISO 11464, 1999) . The particle size distribution was analyzed using the following methods: of Bouyoucos modified by Casagrande and Pró-szyñski (areometric) (Mocek et al. 1997) , pipette method (Eijkelkamp pipette apparatus; upper and lower pipette matches the requirements of NEN 5753 and PN-ISO 11277 standards), and laser diffraction method using Mastersizer 2000 with dispersing Hydro MU adapter. The samples were dispersed ultrasonically for 2 minutes with stirring speed of 2500 rpm. The analysis was carried out at the obscurance of 18-25%. The Mie theory, which describes Maxwell equation, was used for calculations (refraction of light 1.577, absorption factor 0.10). The methodology of particle size distribution of Cambisols, Luvisols, Phaeozems, Fluvisols and Gleyosols containing clay fraction (1.0-18.0%) was prepared by the scientists from the Institute of Agrophysics, Polish Academy of Sciences (Bieganowski et al. 2013; Ry¿ak and Bieganowski 2011; Ry¿ak et al. 2009 ). In pipette and areometric methods, sand fractions (2.0-0.1 mm) were analyzed by sieving. The results were compiled in accordance with the classification of Polish Society of Soil Science (PTG 2009) .
The amounts of soil fractions were analyzed by theSiewca software. Particle size distribution curves were drawn and sedimentological indices determining the state of soil sorting and dominating soil fraction were calculated: mean grain diameter (GSS) for fractions from 2.0 to < 0.002 mm, standard deviation (GSO), skewness (GSK), kurtosis (GSP) and the cumulative curves (Folk and Ward 1957; Prusinkiewicz and Proszek, 1990) . The results of texture analysis were used to calculate the granulometric indices which take into account the relations between soil fractions (Kobierski 2010; Kowalkowski and Prusinkiewicz 1963) . In the paper, due to fine-grained character of soil formations, the particle size distribution indices were calculated for the following fractions 
RESULTS AND DISCUSSION
The studied soils were classified as Haplic and Mollic Vertisol, Vertic Cambisol, and Gleyic Chernozem (IUSS Working Group WRB 2007). These soils were formed from clayey (clay, heavy clay), loamy (loam, clay loam, clay loam sand) and silty (silt loam, clay loam) formations (Table 1 ). The studied soils did not contain > 2.0 mm fraction and the amount of clay fraction (<0.002 mm) ranged from 8.15 to 85.14%.
The measurements of texture by areometric and pipette methods revealed that clay fractions of < 0.002 mm predominated in the studied soils. However, in laser diffraction method, the sub-fraction of fine silt (0.02-0.002 mm) predominated. In areometric and pipette methods, clay fraction was the highest, amounting to 63.68-85.14% in heavy clays, and 37.00-57.83% in clays (Table 1 ). The quantity of this fraction in clay loams, measured by pipette method, ranged from 28.35 to 37.12% , in sandy clay loam it amounted to 23.36 % and in loam to 22.33%. The amounts of clay fraction (< 0.002 mm) measured by pipette method were similar to the amounts measured by areometric method, but 3-4 fold higher in comparison to laser diffraction method. Considerable differences in the amounts of soil fractions were noted in the measurements by laser diffraction method comparing to other two applied methods. The measurements by laser diffraction method showed that silt fraction, with subfraction of fine silt (0.02-0.002 mm), predominated in studied soil formations. Compared to areometric and pipette methods, the amounts of fine silt were 2-4 fold higher in laser diffraction method and ranged from 53.76 to 70.77% in clays and from 47.75 to 57.77% in loams. It may be a result of a very strong aggregation of clay particles. As a result, the microaggregates which diameter exceeds 0.002 mm are formed. They are so stable that they are not destroyed even under prolonged exposure to ultrasound.
The ratio of sub-fraction of coarse silt (0.05-0.02 mm) and fine silt (0.02-0.002 mm) in clay formations was low and ranged between 0.02 and 0.39 in laser diffraction method. In loams the ratio amounted to 0.19-0.45 (Table 3) . In clay formations, the ratio of silts was 3-6 fold higher than of clay fraction in laser diffraction method. In pipette and areometric methods this ratio did not exceed 1. The analyses of sand fraction (2.0-0.05 mm) including sub-fractions of very coarse sand (2.0-1.0 mm), coarse sand (1.0-0.5 mm), medium sand (0.5-0.25 mm), fine sand (0.25-0.10 mm) and very fine sand (0.10-0.05 mm), did not show significant differences between three studied methods.
The results of particle size distribution analyses were collated according to the data obtained by the pipette method, which was taken as a reference in this study. The studied soil formations were classified as: heavy clay (HC), clay (C), clay loam (CL), sandy clay (SC), sandy clay loam (SCL) and loam (L) using pipette and aerometric methods, and as: silt loam (SL) and silt clay (SC) using laser diffraction method (Table 2) . Nine soil formations which were classified as heavy clay in pipette and aerometric methods, were classified as silt clay in the laser diffraction method. Five soil formations of clay were classified as clay (3 soil formations) and clay loam (2) in pipette and aerometric methods, and in laser diffraction method they were silt clay (3) and silt loam (2). In the group of 6 loams (sandy clay, sandy clay loam , loam) analyzed by areometric and pipette methods, five was classified as silt loam and one as silt clay in laser diffraction method.
Basing on the calculated sedimentological indices, it was stated that studied soils were very well sorted and the values of standard deviation (GSO) did not exceed 0.396. Better state of segregation of soil material was notedin the soil samples analyzed by areometric and pipette methods, where the maximum of GSO index did not exceed 0.153. In other glacial soil formations (boulder loam), studied by Kobierski (2010) and Paku³a (2013) poor and very poor sorting of soil material, and values of the GSO ranging from 2.32 to 4.70 were stated. The mean grain diameter (GSS) was very low, not exceeding 0.005 mm for clays in pipette and areometric methods and 0.011 mm in laser method. In loam formations, mean grain diameter amounted to 0.025 mm (Table 3) .
In most analyzed soils samples the skewness index (GSK) was positive (symmetric right-handed distribution) in pipette and areometric methods. The calculated values of GSK ranged from 0.01 to 0.91. In the soil samples analyzed by laser diffraction method, the calculated values of GSK were negative, and except for one, did not exceed a threshold of -0.30 (skew, negative) (Prusinkiewicz and Proszek 1990) . In most analyzed soil samples the graphic curve was normal (mezokurtic), and the values of kurtosis (GSP) were in the range of 0.90-1.10, or slightly lower than 0.90 (platykurtic).
Analyzing the cumulative curves and particle size distribution diagrams, it should be noted that heavy clay, clay loam and clay were very similar in pipette and areometric methods, whereas in laser diffraction method these soil formations were different (Figures  1-3 ). These differences were most evident in the contents of clay and silt fraction. The statistical analyses showed that the results of texture measurements by pipette and areometric methods are significantly correlated (α = 0.01). However, except for two cases (Kêtrzyn 4 and Sêpopol 1), there was no such relation between the laser diffraction method, and the pipette and areometric methods (Table 4) . 
